Based on recent experimental results for electron-doped cuprate oxides and ferromagnetic superconductors, it is shown that antiferromagnetic fluctuations always develop in the superconducting phase of both low-and high-temperature superconductors. The relation between the magnitude of the antiferromagnetic pseudogap and the characteristic temperature of the antiferromagnetic pseudogap opening is obtained. The characteristic temperature of the antiferromagnetic pseudogap opening for metal superconductors is estimated.
These results suggest that antiferromagnetic fluctuations are present in the superconducting phase of conventional, low-temperature superconductors. (The above ferromagnetic superconductor ErRh 4 B 4 is type I superconductor, as it is shown in Ref. 4) . However, the characteristic temperature T * AF M of the antiferromagnetic pseudogap opening is, in the case of low-temperature superconductors, less than the critical temperature T c of the superconducting transition (contrary to the case of high-temperature cuprate superconductors).
Recently, it was shown [5] that the melting of a crystalline solid occurs when the critical number density n c of vacancies is achieved, the critical number density of vacancies being
where n 0 ≈ 1.1 × 10 22 cm −3 and α ≈ 18 are quantum constants [6] . The length scale
where a 0 = n −1/3 0 ∼ = 0.45nm, can be interpreted as the size of a crystalline domain which cannot contain more than one vacancy. This interpretation is supported by the experimental results on the recryctallization of thin Al foils [7] . The recrystallization occurs only if the foil thickness d exceeds the length scale d c , in more thin films there were no additional vacancies to nucleate the recrystallization [7] .
This concept can be extended on other phase transitions, such as ferroelectric, ferromagnetic, and superconducting, if we consider the corresponding phase transition as the melting of some lattice. In the case of the ferroelectric transition, it is the lattice of electrical dipoles;
in the case of the ferromagnetic transition, it is the lattice of magnetic dipoles. In the case of the superconducting phase transition, the situation is more complex, since the electron degrees of freedom are essentially involved. However, as it will be shown below, the above concept holds for superconducting transitions too.
The thermodynamic consideration based on the Clausius-Clapeyron equation gives the number density n v of vacancies in a solid in the form [6] 
where E v is the energy of the vacancy formation, P 0 = n 0 T 0 is a constant, T 0 can be put equal to the melting temperature of the solid at ambient pressure, and the Boltzmann constant k B is included in the definition of the temperature T.
The energy of the vacancy formation E v depends linearly on the pressure P (in the region of high pressures) as given by the formula
where α is a dimensionless constant, α ≈ 18 for sufficiently high pressures. On the atomic scale, the pressure dependence of the energy of the vacancy formation in the equation (4) is produced by the strong atomic relaxation in a crystalline solid under high pressure.
According to the equations (3) and (4), the number density of vacancies in a solid increases with increasing pressure (in the region of high pressures),
Consider now the number density n of elementary excitations in a corresponding lattice, instead of the number density of vacancies in an ordinary lattice. An elementary excitation invokes the change of the sign of the electrical or magnetic dipole moment of the elementary lattice cell for ferroelectrics and ferromagnets, respectively. In the case of superconductors, an elementary excitation is more complex.
Similarly to the energy of the vacancy formation (4), the energy E of an elementary excitation depends on the pressure (in the region of high pressures) as follows
where E 0 is the energy of an elementary excitation at ambient pressure, and α P is a dimensionless constant dependent on the type of the phase transition. The pressure dependence of the energy of an elementary excitation in the equation (6) is produced by the atomic relaxation in the corresponding lattice under high pressure.
The pressure dependence of the number density n of elementary excitations is given by the formula analogous to the equation (5),
where T c denotes here the transition temperature at ambient pressure.
The corresponding phase transition occurs when the critical number density n c of elemen- (2), l ∼ = 400a 0 .) In view of the equation (7), it means that, on the phase equilibrium curve in the high pressure region, we have
The equation (8) gives the pressure dependence of the transition temperature T in the region of high pressures in the form
The dimensionless slope of the phase equilibrium curve is given by the formula
Similarly to the case of the melting of crystalline solids, the relations (9) and (10) are valid only for sufficiently high pressures. In the region of relatively low pressures, the sign of dT /dP can be positive (the transition temperature may increase with pressure).
The superconducting phase diagram of Li metal [8] gives k ≈ −1/96 and α P ≈ −kα ≈ The values of k and α P for ferroelectrics are k ≈ −1/9 and α P ≈ −kα ≈ 2 (see data for
BaT iO 3 in Ref. 12 ). In the case of ferromagnets, k ≈ −2/9 and α P ≈ −kα ≈ 4 (see data for the weak itinerant ferromagnet SrRuO 3 in Ref. 13 ).
In accordance with the equation (8), the energy E 0 of an elementary excitation at ambient pressure is given by the relation
In the case of MgB 2 with T c = 39K, the energy of an elementary excitation has an order of the Debye temperature θ D : E 0 ∼ = αT c ∼ = 700K, whereas θ D = 800 ± 80K [14, 15, 16] .
If we assume that at T ∼ = 0 the transition pressure P c has an order of the melting pressure
where T m is the melting temperature of the solid at ambient pressure [6] , then
for superconductors with E 0 ∼ = θ D . For most of metals, the ratio of the Debye temperature to the melting temperature is θ D /T m ∼ = 0.2 − 0.4.
The magnitude 2∆ * of the antiferromagnetic pseudogap is equal to the energy E 0 of an elementary antiferromagnetic excitation, so that, in accordance with the equation (11), we have
where T * AF M is the characteristic temperature of the antiferromagnetic pseudogap opening. Optical measurements in Nd 2−x Ce x CuO 4 and P r 2−x Ce x CuO 4 give the relation 2∆ * /T * AF M ≈ 16 [3] , which is close to the relation (12), since α ≈ 18. The experimental data suggest that the magnitude 2∆ of the superconducting gap is given by the relation
For low-temperature superconductors α P ≈ −kα ≈ 3/16 and the equation (14) gives
This estimation of the magnitude of the superconducting gap is consistent with experimental data for Al, In, Sn obtained in the tunneling experiments [17] . Other experimental techniques give slightly different ratios of the magnitude of the superconducting gap to the critical temperature, maybe due to the interplay between the superconducting gap and the antiferromagnetic pseudogap (see below).
For high-temperature superconductors α P ≈ −kα ≈ 3/8 and from the equation (14) we
The ratio 2∆/T c measured in The characteristic length l of antiferromagnetic fluctuations in the superconducting phase [3] has an order of magnitude of the diameter 2r 0 of the atomic relaxation region [5] ,
or, more exactly,
if β ∼ = 0.8 wich is the case for most of metals [3] . Neutron diffraction studies of the ferromagnetic superconductor ErRh 4 B 4 have established the existence of a modulated structure in the superconducting regions at the length scale ∼ = 10nm [4] . This structure can be interpreted as the antiferromagnetic modulation with a length scale having an order of the radius of the atomic relaxation region r 0 ∼ = αa 0 ∼ = 8nm [5] . The size of superconducting regions of the supercooled superconducting phase of this ferromagnetic superconductor, coexisting with ferromagnetic domains in the narrow temperature interval T ≈ 0.9 − 0.97K, has an order of the size of crystalline domains given by the equation (2). On heating, a sharp transition from the ferromagnetic phase to the superconducting phase is observed at T F M = 0.97K [4] . The ratio T c /T F M for this ferromagnetic superconductor is T c /T F M ∼ = α/2 ∼ = 9.
Since T * AF M ∼ = 2K and T c = 8.7K, from the relation (13) we obtain for ErRh 4 B 4 :
whereas the magnitude of the superconducting gap, according to the relation (15) , is
so that 2∆ * ∼ = 2∆. For the other ferromagnetic superconductor ErNi 2 B 2 C, the equations (13) and (15) give 2∆ * ∼ = 110K and 2∆ ∼ = 37K, respectively, so that ∆ * /∆ ∼ = 3.
Since 2∆ * ∼ = 2∆ for ErRh 4 B 4 , the antiferromagnetic phase transition is suppressed, contrary to the case of ErNi 2 B 2 C, where ∆ * /∆ ∼ = 3. In the case of weak itinerant ferromagnets UGe 2 and URhGe [2] , the relation 2∆ * ∼ = 2∆ is also presumably valid, so that the antiferromagnetic transition is suppressed and the superconducting transition occurs instead. The characteristic temperature of the antiferromagnetic pseudogap opening can be determined from the relations (13) and (14) as follows
Thus we obtain for these superconducting ferromagnets
The ratio T F M /T c for these ferromagnetic superconductors is T F M /T c ∼ = 2α.
Since the antiferromagnetic transition is not normally observed in metal superconductors, the same relations 2∆ * ∼ = 2∆ and T * AF M ∼ = α P T c are valid in this case too. To summerize, we show that antiferromagnetic fluctuations develop in the superconducting phase of both low-and high-temperature superconductors, we obtain the temperature and pressure dependence of the number density of elementary excitations for ferroelectrics, ferromagnets and superconductors. We obtain further the curve of phase equilibrium in the high pressure region for ferroelectric, ferromagnetic and superconducting phase transitions.
We give also the estimations of the magnitudes of the antiferromagnetic pseudogap and the superconducting gap, and of the characteristic length scale of antiferromagnetic fluctuations in the superconducting phase. We show that for metal superconductors (and other nonmagnetic low-temperature superconductors) the magnitudes of the antiferromagnetic pseudogap and the superconducting gap are close each to other and give the estimation of the characteristic temperature of the antiferromagnetic pseudogap opening for these superconductors.
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